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Rare red blood cells (RBCs) can be used to resolve reactivity in 
antibody identification or compatibility testing. Because these 
RBCs are usually not readily available, when identified in donors 
or patients, a quick and easy method for long-term storage is 
needed. By freezing in liquid nitrogen, injury to the RBCs is 
prevented, and rendering them usable for testing takes only a 
few washes. Immunohematology 2021;37:157–159. DOI: 
10.21307/immunohematology-2021-025.
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Principle
Droplet freezing is a simple and efficient way to store rare 
red blood cells (RBCs) so that they can be used in antibody 
identification beyond their normal expiration. Although all 
methods of freezing RBCs require preparation for freezing, 
considerable time is saved during the thawing of RBCs frozen 
in liquid nitrogen (LN2). The amount of space needed for 
storage is much smaller and, in addition, the method allows 
laboratorians to be prudent when working with RBCs with 
rare phenotypes.1
When freezing RBCs in LN2, a nonpermeable cryo-
protective agent (CPA) is used to protect the RBCs. The CPA 
works by dehydrating the RBCs, which in turn minimizes 
intracellular ice formation. This process step is important 
because the sharp edges of the ice crystals can rupture the RBC 
membrane and render the sample unusable. In addition, the 
CPA maintains the structure and form of the macromolecules 
and stabilizes the RBC membranes.2 
There are two main nonpermeable CPAs used for LN2 
freezing: polyvinylpyrrolidone (PVP) and sucrose-dextrose 
(S+D). PVP freezing solution is made by combining bovine 
serum albumin (BSA) with PVP in deionized water. PVP 
is stable at 4°C for 3 months.1 It can be stored in a large 
container and used as needed. S+D freezing solution is made 
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• 22% or 30% BSA
• Deionized water
• 0.9% saline
• LN2 storage system
• Safety goggles/face mask




• Cryovials with caps
• 5-mL test tubes with caps
• Small container for pre-cooling cryovials
• Tweezers
• 2.5-mL cryovials with caps
• Funnel 










• Metal flasks (three or more)
• Fine-mesh metal sieve
• Magnetic stirrer
• Teflon stir bar
Drop method
• Metal ice cube tray with removable center 
divider and one corner bent to facilitate pouring
• Shallow container to hold ice cube tray and LN2








• Store at –180°C or less in LN2
• Thaw two to six droplets 
• Wash with 0.9% saline
RBCs = red blood cells; CPA = cryoprotective agent; LN2 = liquid 
nitrogen.
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by combining sucrose, dextrose, and NaCl in deionized water. 
S+D is stable at –20°C for 1 year and can be thawed as needed.2
Another consideration in selecting a CPA for use is the 
percentage of RBCs recovered when thawed after frozen 
storage. According to one study, recovery of RBCs frozen using 
S+D has a rate of approximately 55 percent. Recovery using 
PVP is approximately 85 percent, but as Schmid et al.1 astutely 
pointed out, a 55 percent recovery still yields sufficient RBCs 
for several serologic tests. Table 1 provides a comparison of 
PVP and S+D.
Table 1. Cryoprotective agent comparison
Characteristic PVP S+D
Ease of solution preparation 
Ease of solution storage 
Length of solution storage 
Percent RBC recovery 85% 55%
PVP = polyvinylpyrrolidone; S+D = sucrose-dextrose; RBC = red blood cell.
Indications
Freezing in LN2 is a viable method for long-term storage 
of rare RBCs. 
Procedure
Reagent and Material Preparation
The selected freezing solution can be prepared in advance 
to save time during the actual procedure. 
• PVP freezing solution: Mix 27 mL BSA (22% or 30%) 
with 23 mL of 30 percent PVP in deionized water. Mix 
well. Store at 4°C for up to 3 months.
• S+D freezing solution: Mix 15.4 g sucrose, 5.4 g dextrose, 
and 0.29 g NaCl in 100 mL deionized water. Aliquot 
into small volumes (approximately 5 mL each). Store at 
–20°C for up to 1 year.
Drill or punch two to three small holes in the bottom of 
each cryovial. This step will prevent damage due to changes 
in pressure when the vial is submerged in or removed from 
LN2. It also allows the LN2 to drain from the vial when needed. 
Label the cryovials with the identity of the contents as well as 
other information required by your laboratory guidelines using 
a waterproof marker or freeze-proof label. Place cryovials in a 
container of LN2 to cool.2 
RBC Preparation
Wash RBCs in 0.9 percent saline two to three times or 
until no hemolysis is seen in the supernatant. Pack the RBCs 
and remove all supernatant. For each volume of RBCs, add 
one volume of PVP or S+D. Place the RBC-freezing solution 
mixture into 5-mL test tubes and cap. Incubate the mixture at 
room temperature for 15–60 minutes.2 To maximize contact 




Place a metal flask on a magnetic stirrer with the stir bar 
inside. Fill the container to three-quarters full with LN2. Start 
stirrer and gradually increase speed until a weak whirlpool is 
created. If a magnetic stirrer is not available, stir carefully by 
hand. Stirring keeps the droplets from sticking together. Load 
RBC/CPA mixture into a fine-tip syringe. Hold it vertically 
above the edge of the whirlpool and slowly allow one drop of 
RBC/CPA mixture to fall into LN2 every few seconds. Do not 
drop directly into the center of the whirlpool. Continue until 
all droplets are frozen. Using appropriate safety equipment, 
pour the LN2 containing the droplets through the fine metal 
sieve into another flask. Using tweezers, transfer the droplets 
to the labeled, precooled cryovial, leaving room for the cap. 
Immediately place the cryovial back into the container of LN2. 
Repeat as needed. Store cryovials in an LN2 freezer.2 
drop Method
Place a metal ice cube tray in a shallow container that 
can be filled with LN2. Fill the tray so that each well is 
approximately two-thirds full. Fill the shallow container to 
surround the tray with LN2. Load RBC/CPA mixture into a 
fine-tip syringe. Holding the syringe vertically, slowly allow 
one drop of RBC/CPA mixture to fall into each individual 
compartment in the tray. Once the droplet is frozen, it will 
sink to the bottom and another droplet can be added to that 
compartment. Continue until all droplets are frozen. Using 
appropriate safety equipment, remove the center divider 
and fill the labeled, precooled cryovial with droplets, leaving 
room for the cap. Immediately place the cryovial back into the 
container of LN2. Repeat as needed. Store cryovials in LN2 
freezer.3 
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Freezing rare RBCs in liquid nitrogen
Thawing
Fill a labeled test tube with saline and warm to 36–38°C. 
Remove the cryovial from the LN2 freezer, taking care to pour 
off the LN2. Open cap and remove two to six droplets to the 
warm saline. If more than six droplets are needed, use a second 
labeled test tube with warmed saline. Too many droplets will 
cool the saline, prevent the droplets from thawing quickly, 
and cause excess hemolysis. Promptly return the cryovial to 
storage. Mix the droplets and warm saline. Allow to stand 
at room temperature for at least 60 seconds. Wash with 0.9 
percent saline until no hemolysis is seen in the supernatant. 
Store at 2–6°C.2 
Limitations
RBCs should be frozen within 1 week of collection.4 On 
occasion, RBCs frozen in LN2 may develop a positive direct 
antiglobulin test (DAT) when thawed. If the RBCs will be used 
with antihuman globulin, perform a DAT before use.4 
If the RBC/CPA mixture is dropped into the LN2 too 
quickly, a large clump of droplets can form. Because these 
clumps often contain air bubbles, it is not advisable to use 
these RBCs.1 
Quality Control
No quality control is required for this procedure; however, 
some grading of quality may be performed by visual detection 
of hemolysis after thawing. Any evidence of hemolysis during 
the washing stage could indicate RBC fragility and may result 
in total hemolysis during testing.
Summary
Freezing, storing, and thawing of rare RBCs in LN2 allows 
for the RBCs to be used as needed for antibody identification 
over an extended period. Freezing by droplet method allows 
for a large volume of RBCs to be frozen at once, and recovery is 
no more difficult than washing. 
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